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© A high performance composite hose having en- 
hanced durability, reliability and longevity for use in 
CNJhigh pressure, high temperature and/or vibrational 
^environments such as turbocharged truck, bus. auto- 
^mobile, marine and generating engines. The com- 
OTposite hose comprises one or more plies of bal- 
IDanced fabric having a high performance elastomer 
^adhered to the inner and outer surfaces of each 
r*s fabric ply. The balanced fabric is formed as woven 
CO sheets from filament yarns resistant to high tempera- 
Qtures. Balanced fabric sheets are sectioned at a 
predetermined angle to the filament yarns to form 
balanced fabric plies. The yams of the balanced 
fabric plies are orientated at the predetermined an- 
gle with respect to the longitudinal axis of the com- 



posite hose such that the composite hose has a 
predetermined longitudinal flexibility to compensate 
for stress effects resulting from high temperatures, 
high pressures and. or vibrations. Concomitantly, the 
balanced fabric plies restrict the radial flexibility of 
the composite hose to preclude collapse or balloon- 
ing of the hose during start up, irregular or steady 
state operation. 
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HIGH PERFORMANCE COMPOSITE HOSE 



FIELD OF THE INVENTION 



This invention relates generally to hoses, and 
more particularly to a high performance composite 
hose for use in high pressure, high temperature 
and/or high vibrational environments such as tur- 
bocharged engine systems. 



BACKGROUND OF THE INVENTION 



Hoses for use in systems operating at high 
temperatures or high pressures and/or in high vi- 
brational environments must possess certain char- 
acteristics for satisfactory performance in such en- 
vironments, thereby precluding premature failure of 
the hoses due to the severe operating conditions. 
For example, it has been found that the perfor- 
mance of turbocharged internal combustion en- 
gines may be enhanced through the use of charge 
air cooling systems. 

Charge air cooling systems provide cooler, de- 
nser air to the engine to achieve more complete 
combustion. Increased combustion efficiency im- 
proves fuel economy by 2-10 percent over conven- 
tional cooling methods, lowers engine emission lev- 
els and greatly increases engine component re- 
liability. 

In charge air cooling systems, ambient air is 
compressed in the turbocharger and directed 
through ducting to a heat exchanger. The heat 
exchanger utilizes ram air generated by vehicle 
movement to cool the charge air which is then 
directed through ducting to the engine via a bypass 
blower. 

The charge air from the turbocharger has a 
temperature in excess of 300 # F and is ram cooled 
to a temperature in the range of 110° F. The 
cooled charge air is extremely dense air. Thus, it is 
readily apparent that hose utilized in ducting such 
systems must be capable of maintaining mechani- 
cal strength and integrity under high temperatures 
and pressures. 

In charge air systems as described above, the 
turbocharger and heat exchanger are mounted on 
different portions of the system, each of which is 
subjected to different three-dimensional vibrations. 
Thus, hose utilized as ducting in such systems 
must also possess a certain degree of flexibility to 
preclude the hose from being subjected to fatigable 
strain due to three-dimensional vibrations in dis- 
parate planes. 

Such flexibility in the hose, however, should be 



limited to compensating for the strain effects result- 
ing from high temperatures and pressure and 
three-dimensional vibrations without adversely de- 
grading the structural strength and integrity of the 
5 hose. Generally this requires that such hose should 
be capable of a predetermined degree of flexibility 
along the longitudinal axis of the hose while being 
substantially impervious to radial expansion and 
contraction to preclude ballooning or collapse of 
io the hose during start up, irregular or steady state 
operation of the system. 

In addition to the severe operating environ- 
ments encountered in turbocharged truck, bus, 
automobile, marine and stationary engines as ex- 
• 15 emplarily described hereinabove, it will be appre- 
ciated that similar severe conditions exist in other 
hose applications. 

It is known in the art to utilize hoses fabricated 
from metal in systems operating at high tempera- 
20 tures and/or high pressures and/or subjected to 
severe vibrational stresses. While metallic hoses 
possess good mechanical strength and integrity, 
such hoses must be fabricated to a high degree of 
precision to prevent misalignments, making such 
25 hoses relatively costly. In addition, metallic hoses 
can be disadvantageous in high vibrational environ- 
ments. While the hoses themselves may or may 
not experience debilitating vibrational stresses, the 
hoses will transmit vibrational stresses to adjacent 
oo system components. 

It is also known in the art to provide shaped 
hoses formed from natural or synthetic rubbers for 
use in such severe operating environments. 
Shaped hoses include one or more convoluted 
35 sections to provide the requisite degree of flexibil- 
ity in the hose. However, even though shaped 
hoses are fabricated as integral units, structural 
discontinuities exist at the interfaces between the 
convoluted sections and the tubular sections of the 
40 hose. The stresses experienced by shaped hoses 
are concentrated at these discontinuities which in- 
creases the probability of premature failure at these 
points. To provide improved reliability and longev- 
ity, shaped hoses may be fabricated with wall 
45 dimensions larger than required for the operating 
conditions, but at the expense of increased costs 
and decreased flexibility. 

It is also known in the art to use reinforcing 
elements in hoses formed of natural or synthetic 
so rubbers to improve the durability, reliability and 
longevity thereof. Reinforcing elements may in- 
clude filaments of natural or synthetic fibers or 
metal, natural or synthetic fabrics and metallic 
mesh. 

Filaments of natural or synthetic fibers or metal 
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may be wound between layers of natural or syn- 
thetic rubber to provide a hose with increased 
mechanical strength. The filament windings restrict 
the radial flexibility of the hose. These windings, 
however, are generally ineffective in controlling the 
longitudinal flexibility of the hose. Furthermore, fila- 
ments of natural or synthetic fibers such as cotton, 
wool, nylon, polyester and dacron are adversely 
affected by high temperature environments. 

Filaments formed from materials such as fiber- 
glass have a tendency to fragment in high vibra- 
tional environments. Fiberglass fragments will lac- 
erate adjoining rubber layers, leading to premature 
hose failure. Metallic filaments likewise have a ten- 
dency to lacerate adjoining rubber layers. Lacerat- 
ing effects may be mitigated by encasing such 
filaments between fabric layers. However, such 
hoses require additional costs and time to fabricate 
and may result in hoses of unnecessarily large 
dimension and weight. 

Filaments of natural or synthetic fibers may be 
woven as fabrics which are then utilized as lamina- 
tions between layers of natural or synthetic rubber. 
Fabrics woven from filaments of natural or syn- 
thetic fibers such as cotton, wool, nylon polyester 
and dacron are adversely affected by high tem- 
perature environments. 

Moreover, as illustrated in United States Patent 
Nos. 4,600,615 and 4,576,205, the warps and wefts 
of the woven fabric are generally orientated longitu- 
dinally and radially perpendicular to the axis of the 
hose which presents difficulty in achieving the req- 
uisite horizontal flexibility in combination with re- 
stricted radial flexibility. A proper balance in flexi- 
bility may be achieved by utilizing different filament 
yarns in warp and weft, by coiling right-handed 
and or left-handed fiber yarn about the warp and 
weft fibers and. or coiling crimped yarns about the 
warp and or weft fibers. This, however, increases 
the complexity and cost of the woven fabric as well 
as resulting in a hose of increased weight. 

Metallic mesh may be utilized as a reinforcing 
layer between layers of natural or synthetic rubber 
to provide hoses of high mechanical strength. Me- 
tallic mesh, however, severely restricts the flexibil- 
ity of the hose both longitudinally and radially. In 
addition, metallic mesh likewise has a tendency to 
lacerate adjoining rubber layers. Lacerating effects 
may be mitigated by encasing such mesh between 
fabric layers. However, such hoses require addi- 
tional costs and time to fabricate and may result in 
hoses of unnecessarily large dimension and weight. 



SUMMARY OF THE INVENTION 



A high performance composite hose having 



enhanced durability, reliability and longevity for use 
in high pressure, high temperature and/or vibra- 
tional environments such as turbocharged truck, 
bus. automobile, marine and stationary engines. 

5 The composite hose comprises one or more re- 
inforcing plies of balanced fabric having high per- 
formance elastomer bonded to the inner and outer 
surfaces of each reinforcing ply. 

The balanced fabric is formed as woven sheets 

70 from filament yarn possessing good textile prop- 
erties, dimensional stability, and resistance to high 
temperatures. Filament yarns of the aramid family 
are representative of filament yarns having utility in 
forming the balanced fabric of the present inven- 

?5 tion. A balanced fabric is one wherein the warp and 
weft of the fabric possess approximately the same 
break strength. The balanced fabric sheets are 
subsequently sectioned at a predetermined angle 
to the warp/weft of the fabric to form individual 
. 20 balanced fabric reinforcing plies for the composite 
hose. 

Each reinforcing ply of the composite hose is 
coaxially disposed about the longitudinal axis of the 
hose and orientated so that the warp/weft of the 

25 balanced fabric has a predetermined angle of ori- 
entation with respect to the longitudinal axis of the 
composite hose such that the composite hose pos- 
sesses the requisite degree of longitudinal flexibil- 
ity for high temperature, high pressure and/or vi- 

30 brational environments. The preferred angle of ori- 
entation of the warp/weft of the balanced fabric is 
between 39 and 45 degrees. 

Each reinforcing ply of balanced fabric is treat- 
ed to ensure proper bonding with the superposed 

35 high performance elastomer. The composite hose 
of the present invention may consist of one to eight 
reinforcing plies of balanced fabric. A composite 
hose for use in the high temperature, high pressure 
and or high vibrational environments experienced in 

40 turbocharged systems preferably comprises three 
or four reinforcing plies of balanced fabric. 

Each reinforcing ply of balanced fabric has a 
high temperature elastomer bonded to the inner 
and outer surfaces thereof. Suitable high perfor- 

45 mance elastomers include silicone rubber. EPM or 
EPOM elastomers, fluorinated elastomers and 
ethylene-acrylic elastomers. The internal layers of 
high performance elastomer cushion and separate 
adjacent reinforcing plies of balanced fabrics 

50 In one embodiment, the innermost layer of high 

performance elastomer is skim coated on the inner 
surface of the innermost reinforcing ply. The skim 
coated elastomeric layer provides a high perfor- 
mance seal when the composite hose is interfaced 

55 with a particular operating system. 

In addition to forming composite hoses of con- 
stant inner and outer diameters, a composite hose 
according to the present invention may also be 
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formed as a shaped composite hose with one or 
more convoluted sections. The convoluted sections 
provide an extra degree of flexibility in high tem- 
perature, high pressure and/or high vibrational envi- 
ronments. The reinforcing plies of balanced fabric 
interposed between bonded layers of a high perfor- 
mance elastomer control the stress experienced at 
the discontinuity between t!:e convoluted sections 
and the tubular sections of the composite hose to 
enhance the flex life of the composite hose. 



BRIEF DESCRIPTION OF THE DRAWINGS 



A more complete understanding of the present 
invention and the attendant advantages and fea- 
tures thereof will be more readily understood by 
reference to the following detailed description when 
considered in conjunction with the accompanying 
drawings wherein: 

Fig.1 is a partially broken perspective view 
of one exemplary embodiment of a composite hose 
according to the present invention; 

Fig. 2 is a cross sectional view of another 
exemplary embodiment of a composite hose ac- 
cording to the present invention; 

Fig. 3A is a partial schematic plan view 
illustrating a woven sheet of balanced fabric ac- 
cording to the present invention; 

Fig. 3B illustrates the formation of a ply of 
balanced fabric as sectioned from the woven sheet 
of balanced fabric of Fig. 3 A; and 

Fig. 4 is a partial perspective view of an 
exemplary embodiment of a shaped composite 
hose according to the present invention 



DETAILED DESCRIPTION OF PREFERRED EM- 
BODIMENTS 



High performance composite hoses according 
to the present invention are fabricated to have 
utility in high pressure, high temperature and/or 
high vibrational environments. By way of illustration 
only, hoses utilized in turbocharged engine sys- 
tems are subjected to a range of temperatures 
from approximately -54* C (-65 " F) to approximate- 
ly 260 *C (500 "F). Depending upon the fluid flow 
rate to be handled by the hose, the hose may be 
subjected to range of pressures from about 175 psi 
(6 inch I.D.) to about 500 psi (1 inch I.D.). 

In typical turbocharged engine systems, hoses 
are subjected to large stresses transmitted from 
different vibrational environments. One end of the 
hose is coupled to the turbocharger unit mounted 
on the engine while the other end of the hose is 



coupled to a heat exchanger mounted on a sepa- 
rate structural member. For example, in automotive 
applications the heat exchanger is typically moun- 
ted to the vehicle chassis. As such, one end of the 
s hose will be subjected to essentially periodic three 
dimensional vibrations due to combustion and me- 
chanical operation of the engine while the other 
end of the hose is subjected to random three 
dimensional vibrations due to aerodynamic effects 
10 and road-induced impacts. 

A composite hose according to the present 
invention may include from one to eight reinforcing 
plies of balanced fabric, with each reinforcing ply of 
balanced fabric having layers of high performance 
75 elastomer bonded to the Inner and outer surfaces 
thereof. The number of reinforcing plies is gen- 
erally determined based upon the operating envi- 
ronment in which the composite hose is utilized. 
For example, a composite hose having a single 
20 reinforcing ply of balanced fabricate has utility in 
low pressure operating environments. The inven- 
tors have recognized that a composite hose formed 
with eight plies of balanced fabric represents a 
practical upper limit for hoses utilized in high pres- 
25 sure, high temperature and/or high vibrational envi- 
ronments due to the mechanical rigidity of the 
hose. A composite hose having more than eight 
plies of balanced fabric would not possess the 
requisite degree of mechanical flexibility for use in 
30 high temperature, high pressure and/or high vibra- 
tional environments. Such hoses are inherently me- 
chanically rigid and would be subject to premature 
failure due to induced stresses from three-dimen- 
sional vibrations. For turbocharged engine applica- 
35 tions. it has been determined that composite hoses 
having three or four reinforcing plies of balanced 
fabric are most suitable, providing the requisite 
longitudinal flexibility and good mechanical 
strength and integnty. 
40 Referring now to the drawings wherein like 

reference numerals designate corresponding or 
similar elements throughout the several views, 
there is exemplarily illustrated in Fig. 1 a partial 
perspective of one embodiment of a composite 
45 hose 10 according to the present invention. The 
composite hose 10 of Fig. 1 is a single-ply hose 
having layers of high performance elastomer 12. 16 
bonded to the inner and outer surfaces of an inter- 
mediate reinforcing ply of balanced fabric 14. The 
so embodiment of Fig. 1 is presented to simplify the 
explication of the features of high performance 
composite hoses according to the present inven- 
tion, but is not intended to be limiting. 

High performance elastomers are used to form 
55 the elastomeric layers 12, 16 bonded to the re- 
inforcing ply of balanced fabric 14. High perfor- 
mance elastomers are elastomers which exper- 
ience little or no change in properties when sub- 
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jected to high temperature environments. Repre- 
sentative examples of high performance elastomers 
having utility in the formation of composite hoses 
according to the present invention include silicone 
elastomers, EPM or EPDM elastomers, ethylene- 
acrylic elastomers and fluorinated elastomers. 

The reinforcing ply of balanced fabric 14 is 
treated to ensure proper bonding with the high 
performance elastomeric layers 12, 16. The ply of 
balanced fabric 14 is washed or dipped in a com- 
mercially available priming agent to facilitate sub- 
stantially complete and uniform bonding of the lay- 
ers of high performance elastomer 12, 16 to the 
reinforcing ply of balanced fabric 14. By way of 
example only, silane diluted in methanol has utility 
as a priming agent to ensure that the reinforcing 
ply of balanced fabric 14 bonds in a satisfactory 
manner with the inner and .outer layers of 
elastomer 12. 16. 

After the reinforcing ply of balanced fabric 14 
has been treated with the priming agent, the inner 
and outer layers of elastomer 12. 16 are applied to 
the reinforcing ply of balanced fabric 14 by con- 
ventional techniques to form the composite hose 
10 and low compression set. for example at 175* 
C for 22 hours, to final configuration. Composite 
hoses according to the present invention possess 
good adhesion strength. Composite hoses subject- 
ed to destructive testing typically experienced co- 
hesive failure, that is. failure of the elastomeric 
layers before separation of the reinforcing plies of 
balanced fabric. 

Preferably, the inner layer of elastomer 12 for- 
ming the inner diameter of the composite hose 10 
is skim coated onto the reinforcing ply of balanced 
fabric 14. Hoses utilized in high pressure, high 
temperature and. or high vibrational environments 
are typically interfaced into the operating system 
by being fitted onto tubular projections and se- 
cured thereto by means of clamps. With clamping 
pressures of about 38 to about 45 inch-pounds, the 
skim-coated inner layer of elastomer 12 elastically 
deforms to provide a fluid-tight seal with the tubular 
projections. 

Another exemplary embodiment of a composite 
hose 20 according to the present invention is illus- 
trated in Fig. 2. The composite hose 20 is a four- 
ply hose having layers of high performance 
elastomer 22. 24. 26. 28. 30 bonded to the inner 
and outer surfaces of corresponding reinforcing 
plies of balanced fabric 32, 34, 36. 38. The inter- 
mediate elastomeric layers 24, 26. 28 cushion and 
separate the reinforcing plies of balanced fabric 32, 
34, 36, 38. An elastomeric layer is required be- 
tween adjacent plies of balanced fabric inasmuch 
as contacting fabric plies would be subjected to 
destructive abrading effects due to induced stress- 
es. 



The reinforcing plies of balanced fabric 32, 34, 
36. 38 are individually treated with a priming agent 
as disclosed hereinabove. The innermost 
elastomeric layer 22 is preferably skim coated to 

5 the inner surface of the innermost reinforcing ply of 
balanced fabric 32 to provide the sealing capability 
disclosed hereinabove. 

Referring now to Fig. 3A, there is shown a 
partial schematic representation of a woven sheet 

io of balanced fabric 40 according to the present 
invention. The balanced fabric 40 is formed by 
warps 42 and wefts 44 of filament yarn or thread. 
The filament yarns for the warp and weft may have 
a predetermined number of twists per inch. The 

75 present invention contemplates the use of filament 
yarns which are stable in high temperature operat- 
ing environments such that the balanced fabric 40 
provides dimensional stability and does not melt, 
flow or degrade over the projected temperature 

20 operating range. Filament yarns of the aramid fam- 
ily are especially suitable for use in forming the 
balanced fabric of the present invention. 

For example, filament yarns of polyamide fi- 
bers such as NOMEX, a registered trademark of 

25 the E.I. du Pont De Nemours and Company, may 
be used to form the woven sheets of balanced 
fabric according to the present invention. An ar- 
omatic polyamide fiber such as KEVLAR. a regis- 
tered trademark of the EX du Pont De Nemours 

30 and Company, is also a suitable filament yarn for 
forming the woven sheets of balanced fabric 40 of 
the present invention. 

The balanced fabric 40 of Fig. 3A is formed so 
that the warps 42 and wefts 44 have approximately 

35 the same break strength. In one exemplary em- 
bodiment of the balanced fabric 40 according to 
the present invention, the warps 42 are formed 
from NOMEX filament yarn having a break strength 
of approximately 862 grams and the wefts 44 are 

40 formed from NOMEX filament Yarn having a break 
strength of approximately 81 6 grams. 

Further, the warp 42 of the balanced fabric 40 
has about 40 picks or ends per inch, a denier of 
about 386, a twist of about 12 s. a percent elonga- 

45 tion of about 22, a tenacity of about 2.15 gpd. a 
modulus of elasticity of about 17 gpd. a work to 
break of about 139 gpd and a toughness of about 
0.35 gpd. The corresponding weft 44 has about 38 
picks or ends per inch, a denier of about 380, a 

so twist of about 1 1 .6 s, a percent elongation of about 
20. a tenacity of about 2.07 gpd, a modulus of 
elasticity of about 28 gpd, a work to break of about 
115 gpd and a toughness of about 0.29 gpd. 

By sectioning the woven sheets of balanced 

55 fabric 40 in a predetermined manner as hereinafter 
described, individual reinforcing plies of balanced 
fabric 46 for use in forming high performance com- 
posite hoses are readily formed. Referring to Fig. 
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3B, each specific reinforcing ply of balanced fabric 
46 is formed by making specific section line cuts 
48, 48, 50, 50 in the woven sheets of balanced 
•fabric 40. 

As depicted in Rg. 3B, the section line cuts 48, 
48 are made at a predetermined angle 52 with 
respect to the warp 42 of the balanced fabric 40. A 
high performance composite hose according to the 
present invention having the requisite degree of 
longitudinal flexibility is produced by section line 
cuts 48, 48 having a predetermined angle 52 from 
about 39 degrees to about 45 degrees. 

The section line cuts 50, 50 are generally 
made at right angles to the section line cuts 48, 48 
to define each individual reinforcing ply 46. For 
multt-ply composite hoses, the individual reinforc- 
ing plies 46 are of differing sizes, with the inner- 
most reinforcing ply being the smallest and the 
outermost reinforcing ply the largest (for example, 
reinforcing ply 32 and reinforcing ply 38, respec- 
tively, of Fig. 2). 

Each individual reinforcing ply 46 is coaxialiy 
disposed about the longitudinal axis of the compos- 
ite hose. With this disposition, the filament yarns of 
each individual reinforcing ply 46 have a predeter- 
mined orientation with respect to radial planes 
through the longitudinal axis of the composite hose. 
The predetermined orientation corresponds to the 
predetermined angle 52 produced by the section 
line cuts 48, 48, thereby providing the requisite 
degree of longitudinal flexibility. 

Another exemplary embodiment of a composite 
hose according to the present invention is depicted 
in Fig. 4. The composite hose 60 of Fig. 4 is a 
shaped hose which includes first and second tubu- 
lar sections 62. 62 and a convoluted section 64 
therebetween. The shaped composite hose 60 in- 
cludes layers of high performance elastomer 68. 70 
bonded to the inner and outer surfaces of an inter- 
mediate reinforcing ply of balanced fabric 66 gen- 
erally as described hereinabove. 

The first and second tubular sections 62. 62 
have constant inner and outer diameters. The ex- 
emplary convoluted section 64 consists of a single 
arcuate portion having inner and outer diameters 
equal to the first and second tubular sections 62, 
62 at the interfaces therewith and greater than the 
first and second tubular sections 62. 62 over the 
remainder of the convoluted section 64. It is to be 
understood that shaped composite hoses according 
to the present invention may have configurations 
other than that exempiarily illustrated. For example, 
the convoluted section may include multiple ar- 
cuate portions such that the convoluted section has 
inner and outer diameters which are less than, 
equal to. and greater than the inner and outer 
diameters of the tubular sections. 

A variety of modifications and variations of the 



present invention are possible in light of the above 
teachings. It is therefore to be understood that 
within the scope of the appended claims, the 
present invention may be practiced otherwise than 
s as specifically described hereinabove. 



Claims 

to 1 . A high performance composite hose for use 

in high pressure, high temperature and high vibra- 
tional environments, comprising: 
at least one ply of balanced fabric in tubular form 
disposed coaxialiy about the axis of said high per- 

15 formance composite hose, said at least one ply of 
balanced fabric being formed of warps and wefts of 
high performance filament yarn as a balanced fab- 
ric having comparable break strengths in warp and 
weft which is sectioned at a predetermined angle to 

20 said high performance filament yarn to form said at 
least one ply of balanced fabric, said high perfor- 
mance filament yarn of said tubular form being 
orientated at said predetermined angle with respect 
to the axis of said high performance composite 

25 hose; and 

layers of high performance elastomer adhered to 
the inner and outer surfaces of said at least one ply 
of balanced fabric in tubular form to form said high 
performance composite hose, said outer layer of 

30 high performance elastomer being adhered to said 
at least one ply of balanced fabric by bonding. 

2. The high performance composite hose of 
claim 1 wherein said predetermined angle has a 
value in the range of about 39 degrees to about 45 

35 degrees. 

3. The high performance composite hose of 
claim 1 wherein said predetermined angle is 45 
degrees. 

4. The high performance composite hose of 
40 claim 1 wherein said layers of high performance 

elastomers are selected from a group of high per- 
formance elastomers consisting of silicone 
elastomer. EPM elastomer. EPDM elastomer, 
ethylene-acrylic elastomer and fluorinated 
45 elastomer. 

5. The high performance composite hose of 
claim 1 wherein said layers of high performance 
elastomer adhered to the inner and outer surfaces 
of said at least one ply of balanced fabric are 

so silicone elastomer. 

6. The high performance composite hose of 
claim 1 wherein said high performance filament 
yam forming said at least one ply of balanced 
fabric comprises aramid filament yarn. 

55 7. The high performance composite hose of 

claim 6 wherein said aramid filament yarn com- 
prises polyamide fibers. 

8. The high performance composite hose of 
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claim 1 wherein said filament yarn for said warps 
and wefts forming said at least one ply of balanced 
fabric comprises a first aramid filament yarn for 
said warps and a second aramid filament yarn for 
said wefts. 

9. The high performance composite hose of 
claim 1 wherein said inner layer of high perfor- 
mance elastomer is adhered to said at least one 
ply of balanced fabric by skim coating. 

10. The high performance composite hose of 
claim 1 wherein said at least one ply of balanced 
fabric comprises a plurality of plies of balanced 
fabric each having a tubular form, said plurality of 
plies of balanced fabric being coaxially disposed 
about the axis of said high performance composite 
hose in concentric relationship with respect to each 
other, and wherein each ply of said plurality of 
plies of balanced fabric has layers of high perfor- 
mance elastomer adhered to the inner and outer 
surfaces thereof to form said high performance 
composite hose. 

11. The high performance composite hose of 
claim 10 wherein said inner layer of high perfor- 
mance elastomer is adhered to said innermost con- 
centric ply of balanced fabric by skim coating. 

12. The high performance composite hose of 
claim 10 wherein said plurality of plies of balanced 
fabric comprises a whole real number in the range 
from two to eight. 

13. The high performance composite hose of 
claim 10 wherein said plurality of plies balanced 
fabric comprises three plies of balanced fabric. 

14. The high performance composite hose of 
claim 10 wherein sard plurality of plies of balanced 
fabric comprises four plies of balanced fabric. 

15. A high performance shaped composite 
hose for use in high pressure, high temperature 
and high vibrational environments, comprtsing: 

at least one ply of balanced fabric in tubular form 
disposed coaxiaily about the axis of said high per- 
formance shaped composite hose, said at least one 
ply of balanced fabric being formed of warps and 
wefts of high performance filament yarn as a bal- 
anced fabric having comparable break strengths in 
warp and weft and sectioned at a predetermined 
angle to said high performance filament yarn to 
form said at least one ply of balanced fabric, said 
high performance filament yarn of said tubular form 
being orientated at said predetermined angle with 
respect to the axis of said high performance 
shaped composite hose; 

said tubular form of said at least one ply of bal- 
anced fabric including 

at least one tubular section having a uniform diam- 
eter over the length thereof, and 
at least one convoluted section of at least one 
arcuate portion having a varying diameter along the 
length thereof; and 



layers of high performance elastomer adhered to 
the inner and outer surfaces of said at least one ply 
of balanced fabric in tubular form to form said high 
performance shaped composite hose. 

5 16. The high performance composite hose of 

claim 14 wherein said at least one ply of balanced 
fabric comprises a plurality of plies of balanced 
fabric each having a tubular form, said plurality of 
plies of balanced fabric being coaxially disposed 

w about the axis of said high performance composite 
hose in concentric relationship with respect to each 
other, and wherein each ply of said plurality of 
plies of balanced fabric has layers of high perfor- 
mance elastomer adhered to the inner and outer 

is surfaces thereof to form said high performance 
composite hose. 

17. The high performance composite hose of 
claim 14 wherein said inner layer of high perfor- 
mance elastomer is adhered to said innermost con- 

20 centric ply of balanced fabric by skim coating. 

18. The high performance composite hose of 
claim 14 wherein said plurality of plies of balanced 
fabric comprises a whole real number in the range 
from two to eight. 

25 19. The high performance composite hose of 

claim 14 wherein said plurality of plies balanced 
fabric comprises three plies of balanced fabric. 
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